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ABSTRACT  

Local scours downstream of groundsills undermine the foundation of the structure. There 
are two different processes of local scour downstream of groundsills due to the flow over the 
structure. The duration of the developing process due to submerged jet is so short that our 
interest is only in the deformation of scour shape and the maximum scour depth. In this study, 
scour shape deformation process is computed by the equilibrium sediment transport model 
because of its simplicity, not emphasizing the rate of absolute sediment transport. The vertical 
two-dimensional model for the flow in the local scour has been developed, which employs 
sigma coordinate system to take into account of the variation of water surface, bed height. We 
confirmed that the model can compute both the scour processes under the submerged jet flow 
and wave jump flow. And it is found that the maximum local scour depth by the experiment is 
reproduced by the computation. 

 
Keywords: scour process, maximum scour depth, vertical two-dimensional model, submerged 

jet flow, wave jump flow, sediment transport 
 
1  INTRODUCTION 

Local scours just downstream of structures may undermine their foundations, revetment 
works and levees. Since complete protection against local scour is almost impossible, a 
reliable design method by the prediction of the maximum depth and the shape of local scour is 
highly required to minimize the damage of the structure. To this end, it is necessary to clarify 
the flow field and the local scouring just downstream of the structure based on experiments 
and numerical simulations.  

Local scouring is a complex phenomenon depending on the flow characteristics. It 
develops owing to the turbulence of a hydraulic jump [Farhoudi and Smith (1985)], the 
turbulence downstream of bed protective works [Hoffmans (1993) and Kanda et al. (1996)] 
and at the presence of plunging jet. Local scour downstream of a groundsill, which is the main 
topic in this study, is caused by a submerged jet, a type of plunging jet. Most of the studies 
dealing with the prediction of the local scour at the presence of plunging jets have been 
carried out experimentally [Stein et al. (1993), Bormann and Julien (1991), Hoffmans (1998), 
Mazurek and Rajatnam (2005)]. Their prediction methods are relatively simple and practical. 
However, the applicability of their methods to scour depth downstream of a groundsill is not 
clear, because the flow pattern downstream of the structure varies considerably according to 
the bed deformation. Hence, a numerical model which can simulate both flow and sediment 
transport is to be refined. Kawashima and Fukuoka (1995) developed a two-dimensional 
numerical model for shallow water flow to compute the bed variation around a groundsill. 
Their model, however, did not reproduce the local scour well, because the model did not take 
into account of the vertical fluid motions and pressure distribution.  

There are two different processes of local scouring downstream of a groundsill(see Fig.1). 
These phenomena are the same as reported by Suzuki et. al (1982). One is a developing 



process where the local scour enlarges by the action of the submerged jet flow. This is 
important to design the structures, because the maximum scour depth is generated in this 
process. Stein et al. (1993) pointed out that the sediment transport under plunging jet is 
greatly different from that in equilibrium flow. Non-equilibrium sediment transport with a lot 
of suspended sediment can be seen in Fig.1(b). Traditional sediment transport models such as 
Meyer and Peter-Muller formula do not correctly estimate the sediment transport from the 
local scour. Jia et. al (2001) considers the non-equilibrium sediment transport and fluctuating 
lift force acting on the sand in their sediment transport model. However, the duration of the 
developing process is so short that the main interest lies not in the speed of bed deformation 
but in the shape and the maximum depth of the scour.  

In the following, a numerical model for the flow in the local scour is developed to 
compute longitudinal bed shear distribution reasonably with a sediment transport model to 
discuss the deformation of local scour shape. The reliability of the present model is discussed 
through the comparison with the experimental data. 
 
2  EXPERIMENT 

To understand the mechanism of a local scour downstream of a groundsill and to verify 
the performance of the numerical model, an experiment is conducted. Table 1 shows the 
experimental conditions. A groundsill is installed in the experimental channel as shown in 
Fig.2. The top of the groundsill is set 0.035 m above the initial bed for the bed scour. The bed 
shear is not beyond the critical tractive force upstream of the groundsill and no sediment is 
supplied from upstream of the scour in the experiment.  

A local scour develops after sufficient time and two different scour processes appear 
alternately. One is a developing process under a submersed jet flow and the other is a 
decaying process with a wave jump flow. These processes were recorded by digital video 
camera. Fig.1 shows two different processes in the experiment. Velocity components are 
measured using an electro-magnetic velocimetry.  

Fig.2 The view of the groundsill 
installed in the channel 
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Table 1 Experimental conditions 
 

Channel length 8.0 m 
Channel width 0.30 m 
Initial bed slope 1/166.7 
Experimental discharge 0.0072 m3/s 
Water depth at downstream end 0.054 m 
Diameter of sand bed 0.8 mm 

x 

z 

Flow Flow 

(a) Decaying process under wave-jump flow (b) Developing process under submersed-jet flow 

Fig.1 The process of local scouring just downstream of a groundsill 



 
3  NUMERICAL MODEL 

The governing equations in the present numerical model are expressed in the sigma 
coordinate system to take into account of the variation of water surface and bed shape. A 
vertical two-dimensional model is developed. Fig.3 explains the sigma coordinate system 
where the covariant ξ-axis can be taken in the optional direction and the covariant σ-axis in 
the vertical direction (z-axis). Many models that use the body fitted coordinate system, have 
defined the vectors in the computational space. In the present model, however, vectors are 
defined in the physical space to easily specify the proper boundary conditions. Fig.3 also 
shows the vectors in the sigma coordinate system in the physical space. The momentum 
equations and the continuity equation are written as in Eqs.(1) ,(2) and (3). 
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Fig.3 The definition of the sigma coordinate system 
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vt is given by Eq. (5), which is based on Smagorinsky (1963). 
SCst ⋅Δ= 2)(ν                                                        (5) 
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Governing equations are solved by the finite difference method, using the staggered grid 
system. Fig.4 shows an example of the computational grid. An upwind scheme of the third 
order accuracy is used for the convection terms in the ξ direction. The other terms are 
discretized using the central differencing scheme of the second order accuracy. The pressure 
field is calculated with a HSMAC scheme (Hirt and Cook, 1972). The level of water surface 
and the vertical velocity on the water surface are calculated together with the pressure, using 
the continuity equation integrated over the water depth and the kinematics boundary condition 
at the water surface. Shear stresses acting on the bed and the groundsill are determined by 
applying the logarithmic law for rough beds at the node nearest to the relevant boundaries. 
The computational grid is reconstructed at each time step. The Heun method of the second 
order accuracy is adopted for the time integration. 

  Water surface in the control volume is depicted by the straight line of the average 
water surface gradient. However, the grid line of the water surface, which is constructed by 
connecting the averaged water surfaces in the control volume, is different from the 
computational water surface, as shown in Fig.5. In the present model, cross-sectional area for 
the fluid to pass through is introduced. To compute the fluid transport terms in the ξ direction 
at the top control volume, vertical sectional length dz’=dz+Δζ is used instead of dz. There are 
two computational water surfaces at the cross-section accounting the ξ direction velocity. Δζ 
is calculated by the upstream water surface, because the fluid is transported from the upstream. 
The above method is also adopted in the calculation near the bed. As in the case of water 
surface, two computational bed levels are defined at the cross-section. The higher bed level 
of the two is used, because the fluid cannot pass through the bed. 

As the boundary conditions, the discharge is given at the upstream end and the water 
depth at the downstream end of the channel.  
 
4  CALCULATION OF THE FLOW FIELDS IN LOCAL SCOUR 

In the downstream of a groundsill, wave-jump and submersed-jet are alternated 
corresponding to the bed variation as shown in Fig.1. Numerical models have to reproduce 
these phenomena. The present model is at first checked whether it can generate two different 

Computational water fuface 

Fig.4 An example of the computational grid 
in the sigma coordinate system 
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flows. In order to calculate two different flows generated under the same hydraulic conditions, 
initial condition and computation method are changed. For the calculation of a wave jump 
flow, the flow develops in the condition of high water-depth at downstream end, then the 
water-depth at downstream end is decreased to that in the experiment. On the other hand, for 
the calculation of submerged-jet flow, the submersed-jet flow is established in the condition 
of low water-depth at downstream end, then the water-depth at downstream end is increased 
to that in the experiment.  

Fig.6 shows the comparison of (a) longitudinal water surface profiles and (b) velocity 
vectors in the local scour between measured and computed results at the presence of 
submersed jet flow. The flow over the groundsill runs into the water surface. At the 
downstream of a groundsill, high velocity occurs near the bed and recirculating flow near the 
water surface. These important flow characteristics in the local scour are well explained by 
the present model. Fig.7 shows the comparison of the vertical distribution of x-direction 
velocity between measured and computed results. Although the computed results show 
slightly different values, the present model gives good agreement with measured velocity 
distributions. 

 Fig.8 shows the comparison of (a) longitudinal water surface profiles and (b) velocity 
vectors in the local scour for the case of wave-jump flow. The flow past the groundsill runs 
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Fig.6 Comparison of the flow field for submersed-jet between measured and computed result 
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Fig.7 Comparison of streamwise velocity distribution between measured and computed results 



along the water surface, forming standing waves. For the wave-jump flow, a large area of the 
reverse flow is produced near the bed. The accuracy of the calculated result near water surface 
is not good. Since a wave-jump flow can coexist with a submersed-jet flow, water surface is 
unstable. In the computation under such condition, the velocity under water surface is 
decreased as shown in Fig.8, and then the flow becomes stable and a small wave-jump is 
produced. Although a finite differences scheme of the third order accuracy is used for 
convective terms, the numerical viscosities stemming from the sigma coordinate system and 
calculation method adopted under the water surface are not negligible to calculate the flow 
near the abrupt change of the water surface. However, the velocity near the bed, which plays 
an important role to induce a local scour, is almost reproduced by the present model. 

The above results demonstrate that the coexistence of a wave jump and a submersed jet 
flow is satisfied in this model. Because the model explains the two different characteristics of 
the velocity distribution near the bed well, the model can be applied to calculate the local 
scour just downstream of a groundsill. 
 
5  CALCULATION OF SCOUR PROCESS DUTE TO SUBMERGED JET 

The performance of the present model is tested against the experimental results. Sediment 
transport rate from the local scour bed under submerged jet flow is different from that 
computed by the equilibrium sediment transport model owing to the pressure fluctuations and 
the suspended sediment. In fact, the absolute sediment transport rate and the deformation 
speed of the scour obtained by the following computation is underestimated by one tenth of 
those of the experiments. To improve this situation, the law of the wall on roughness bed and 
sediment transport model are modified. However, the duration of the submerged jet flow is so 
short that the emphasis is not placed on the speed of bed deformation rather on the scour 
shape deformation and the maximum scour depth.  

Scour shape deformation is computed by an equilibrium sediment transport model of 
Ashida and Michiue formula (1972), taking into account of the gravity effect by the critical 
tractive force on inclined bed and additional tractive force due to gravity [Fukuoka and 
Yamasaka (1983)]. The moving grid speed on the bed, which is a part of the convective 
velocity in the sigma direction (see Eq.(3)), is calculated by the continuity equation for the 
sediment. If the angle of the bed surface is calculated beyond its repose angle, the bed surface 
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angle is made to have the repose angle in the calculation. The initial condition (t=0.0s) for the 
computation of the local scour is given as the calculated flow field for a submerged jet flow 
over the measured bed shape (see Fig.6). The relative time t* is defined as the non-
dimensionalized duration time by the submerged jet tm (t*=t/tm). The deformation of scour 
shape is limited to as shown in Fig.9.  

Fig.10 shows a series of the calculated flow field in the transition process of the local 
scour. The sand just downstream of the groundsill is transported towards upstream and 
downstream soon after the flow has changed into a submersed jet (t*=0.05). Since the pressure 
at downstream of a groundsill is decreased by bed scouring, the reattachment point moves in 
the upstream direction (t*=0.20). Then a dune is produced in the downstream part of the local 
scour with the flow separation on the top of the dune (t*=0.40). After that, the maximum scour 
depth becomes deeper with time, moving the top of the dune towards downstream (t*=0.80, 
1.00). The reattachment point of flow, after the flow has changed into a wave-jump, moves to 

Fig.9 Computational range for bed deformation 
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Fig.10 The calculated flow field in the local scour and the transition process of 
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0.5m/s

t*=0.20

t*=0.40

t*=0.80

t*=1.00 

t*=1.05 

t*=2.00 

t*=50



the top of the dune, and then the local scour decays due to reverse flow (t*=2. 00). The present 
numerical model can explain both processes. It is also made clear in the computation that after 
the long duration of the decaying process under wave jump flow, the bed shape enter the 
developing process with a submerged jet, which is similar to the experiment (t*=50). 

Fig.11 shows the transition processes of the local scour in (a) the measurement and (b) 
computation. Fig.12 shows the shapes of the local scour at the time when the flow change 
from a submersed jet to a wave jump. Various shapes of the local scour are measured in the 
similar flow condition. This results from the instability of the flow transition phenomenon, 
which involves the transition to a wave jump from a submersed jet and to a submersed-jet 
from wave jump. However, the scour shape past the groundsill upto the top of the dune is 
similar. Therefore, the phenomenon that the flow changes from a submerged jet to a wave 
jump is subject to the effects of shape in this region. Since the shape of the back side of the 
dune is decided by the repose angle of the sand, the calculated dune is a little smaller than that 

Fig.11 The transition process of the local scour in just downstream of the groundsill   
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of the measurement, and no sand is transported toward the downstream of the local scour. It is 
safe to say that the present model reproduces the scour shape from the groundsill to the top of 
the dune, which is subject to the developing process of the local scour as indicated above. 
And the maximum bed scour depth for the experiment is reproduced by this computation. 

Fig.13 shows the calculated transition process of water surface just downstream of the 
groundsill. The water surface just downstream of the groundsill goes down due to bed scour at 
that cross-section soon after that the flow has become a submersed jet. Then the profile of the 
water surface is produced at the backward of the bed wave profile (compare Fig.11 (b)). The 
water surface at downstream part of the local scour goes down due to the dune formation with 
the flow separation. Then, the reverse flow area under the water surface is decreased with 
time, because fluid momentum is transported toward water surface with the developing of the 
dune. Therefore, the wave profile of the water surface goes upstream, although the wave 
profile of the bed goes downstream. Then the phase difference of wave profiles between the 
water surface and the bed shape is reduced. The transition from a submersed-jet to a wave 
jump occurs when the wave profile of the water surface is laid a little forward of the bed wave 
profile. 

As mentioned above, sediment transportation process on the local scour bed under 
plunging jet shows large difference from that calculated by equilibrium sediment transport 
models because of the existence of the pressure fluctuations and suspended sediment. The 
present model assuming equilibrium sediment transport is, however, successful in predicting 
scour process and the maximum scour depth. The reason is that the scour process in the 
present condition is produced directly by the longitudinal distribution of bed shear stress. In 
other words, it is important to predict local scour process with a submerged jet that the bed 
shear distribution is computed by a reliable model for the flow, which can represent the 
vertical velocity distribution in the local scour. 
 
6  CONCLUSION 
1.     A vertical two-dimensional model, which employs the sigma coordinate system to 

take into account of the variation of water surface and bed height, is developed. The 
calculation near the boundary is designed to evaluate abrupt change of the boundary 
shape.  

2.     The transition to wave jump and submersed jet flow can be computed by the present 
model. And it can explain the two different characteristics of the velocity distribution 
near the bed. 

3.     The developing process of the local scour under the submerged jet flow and the 
decaying process with the formation of wave jump flow are reproduced in the 
computation. The maximum depth of local scour that occurs at the time when the flow 
pattern changes from submersed jet to wave jump is reproduced by the model. And it is 
clarified that to predict local scour process with a submerged jet it is quite important to 
evaluate the bed shear distribution and the vertical velocity distribution in the local scour. 

 
REFERENCES 
Ashida, K. and Michiue, M. (1972) Study on hydraulic resistance and bed-load transport rate in 

alluvial streams, Proceedings of the Japan Society of Civil Engineers, No. 206, pp.59-69, in 
Japanese. 

Bormann, N.E. and Julien, P.Y. (1991) Scour downstream of grade-control structure, Journal of 
Hydraulic Engineering, ASCE, Vol.117, No.5, pp.579-594.  

Kanda, K., Muramoto, Y. and Fujita, Y., (1996) Local scour and its reduction method in 
downstream of bed protection work, Journal of hydraulic, coastal and environmental 
engineering, JSCE, No.551/II-37, pp.21-36, in Japanese. 



Farhoudi, J. and Smith, K. V. H. (1985) Local scour profiles downstream of hydraulic jump, 
Journal of Hydraulic Research, IAHR, Vol.23, No.4, pp.343-358. 

Fukuoka, S. and Yamasaka, M. (1983) Alternating bars in a straight channel, Proceedings of the 
Japanese conference on hydraulics, JSCE, pp.823-828, in Japanese. 

Hirt, C. W. and Cook, J.L.(1972) Calculating three-dimensional flows around structures and 
over rough terrain, Journal of computational physics, Vol.10, pp.324-340. 

Hirt, C. W., (1992) Volume-fraction techniques: powerful tools for wind engineering, Journal 
of Wind engineering, No.52, pp.333-344. 

Hoffmans, G. J. C. M. and Booij, R.(1993) Two-Dimensional Mathematical modelling of 
Local-Scour Holes, Journal of Hydraulic Research, IAHR, Vol.31, No.5, pp.615-634. 

Hoffmans, G.J.C.M. (1998) Jet scour in equilibrium phase, Journal of Hydraulic Engineering, 
ASCE, Vol.124, No.4, pp.430-438. 

Jia, B., Kitamura, T., and Wang, S.S.Y. (2001) Simulation of scour process in plunging pool of 
loose bed-material, Journal of Hydraulic Engineering, ASCE, Vol.127, No.3, pp.219-229. 

Kawashima, M. and Fukuoka, S. (1995) Numerical simulation of bed variation around a 
groundsill, Annual Journal of Hydraulic Engineering, JSCE, vol.39, pp.689-694, in 
Japanese. 

Mazurek, K.A. and Rajaratnam, K. (2005) Erosion of sand beds by obliquely impinging plane 
turbulent jets, Journal of Hydraulic Research, IAHR, Vol.43, No.5, pp.567-573. 

Noel E. Bormann and Pierre Y. Julien(1991) Scour downstream of grade-control structures, 
Journal of Hydraulic Engineering, ASCE, Vol.117, No.5, pp.579-594. 

Smagorinsky, J. (1963) General circulation experiments with the primitive equations, Monthly 
weather review, Vol.91, No.3, pp.99-164. 

Suzuki, K., Michiue, M. and Kawatsu K. (1982) Study on the local scour and flow 
downstream of a consolidation work, Annual Journal of Hydraulic Engineering, JSCE, 
vol.26, pp.75-80, in Japanese. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


